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© Peptide boronic acid derivatives having protease inhibiting activity. 

© Boroiysine peptidomimetics of formula I 

Qi 

* / 

V-Y-N-CH-B I 
I I \ 
R 4 R 5 Q 2 

wherein W, Y, R*. R5, and Q 2 are defined in claim 1 are potent thrombin inhibitors. 
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as wel J J^Zl ° T 01 Serine Pr ° ,eaSeS SUCh 35 thrombin ' ,actor Xa - k 3 "^" and plasmi# 
* e c^io , a ? r P L S6S " ke Pr0,y ' end °P e P tidase and '9 Al Protease. Thrombin, the last enzyme in 
SlZST S TT de h aveS . S0,,Jble fibrin09en t0 fibrin - which is men ^"ked and forms an insoTub e 

5 fno uTrn '^ ^ enavesse,isdama ^.^abovep ro ce«isnecessary,ostopb.eed! 

5 *g Under norma, c-rcumstances there is no measurable amount of thrombin present in plasma. Increase of 

,h! ™ T C ° nCentratK,n Ca " rcsu,t in *"•"■*>" °f dots, which can lead to thromboembolic disease, one of 
the most common serious medical problems of our time. 

»~ f Th ™. mbi " contributes 10 hemostatic control by means of several biological reactions. In addition to its prim- 

,o ^ e , ?° n '^ C0n T ,On t . fibrin09en t0 f,brin ' thr0mbin activates Factor "hich * responsible for the 

SEE! and Z 3018 ^ me3nS ° f 3 ^ ba * meCha " ism involvi "^ a a ^ 

!i F „^ \ f ? , 3re neCeS5a,y f ° r te 0W " f0nnati0n P~tn«»nbin. Thrombin has another 

Semoslst 9 " ^ initiateS P ' ate,et re,eaSe 3nd a " re9ati0n which is res P° nsib,e ** P-ary 

ZLSSTr w ! Pann " ^ ^ C0mP ° Un0S have 6660 i80lated and are therapeubcal.y and 
ZSfSSST 00 th6re ^ a " imba ' anCe " ^ haemostati ^achanism wioTrisk Jprot 

^.tKT^ 0 throm j >in i inhlbito ^. having oral activity, would be useful as alternatives to the parenteral admini- 

20 S„ ^ ' nhibit0,S - MUCh reSearCh in thfe area has resu,ted in the synthesis of good inhibitors 
20 of thrombin in yj^ but as yet there is no really good candidate for oral therapeutic use. By imitating amfno 

^T^ZT^- 1' 686 P n Ptide SUbStrateS ^ 3,80 b " n transto ™ d -^inhibitors 2£ 
enzyme. Thus the chromogen.c substrates D-Phe-Pro-Arg-pNA and D-Phe-Pip-Arg-PNA mimic the seouence 

* 2??S£ o SPht by thr ° mbin - The reversible and irreversTb^nhLT^Phe^ 

25 nal and D-Phe-Pro-Arg-CH 2 CI show inhibition invito in the 10-" M range rs. u-rne-Kro-Argh 

n ( ,ntfHo 0 M m K t Il y,ketone ?/ rc 9enera " y t0 ° nons P ecifica "y re-active to be ideal for therapeutic use. and the 
peptide aldehyde exemplified above has quite a low LDso value. 

its J^°I„ Xa n l!' e C ° a9U ' ation enz y me ^sponsible for the generation of thrombin by limited proteolysis of 
30 SoTaXJS T ° n l Wei9ht ^ ^ b3SiS faCt0r Xa fe at ,east 10 «™ s ™re thrlbogenic in 
TtT^T , anS6S ? m ^ factthatfactor Xa is °"estep above thrombin in the amplifying^scade 
fenSlt a ?, n a ?K 6 ° f * 030 9enerate m0,eCules <* *«"■*• *«• «* Precursor. Its pS 

cleared from circulating blood onto high affinity sites on the vessel wall. The central position of factor Xa at me 
35 Z fmecrnrsr" 8 ' 0 *" *" *»" 14 3 —* *»- *5od«Ij£ Semol 

fe JSS iS f T ed Prekallikrein * the action of factorXII. when located on a negatively charged sur- 
XlS'i^ CT " deavefactor X » to f actorXl.a. thereby fonning a reciprocal actuation system Factor 

f oroLhL « 'T 6 ° f "J inWnSiC ^ ° f C ° 39Ulati0n SyStem - The significance of the contact system 
m see^ln h T"*. med,ated defenSe mechani s«n. and a large scale activation of the system is noLlfy 
IIIXZ^? dSS r: nated intravascu,ar The ro .e of um, aTthis stage is to 

cleave high molecular weight k.ninogen with the release of the vasodilator, bradykinin. Bradykinin also causes 

h!^ 6 f £ e ' aai Cefta,n ^ ° f '"Nation, including arthritis and pancreatitits. and may 

« iteTnthibi 0 °r m T"T 01 8Sthma ' ° n,y SUbStanCe ** h3S 3ttained C,inical significance as .2 
0 Irtcrein inhibitor, is aprotmm (Trasylol). Aprotinin is a polypeptide of molecular weight 6.500 and forms a stable 
complex with proteases, having a binding constant of 1 0-«M 0-« M 

contain"^ iS ^ ProCeSS WhiCh C3USeS a " enZymatiC disSOluDOn * fibrin °9 en and fibrin clots. Plasma 
Sn! .^? ^ ,Ch " nderthe inflUenCe ° f ^activators is converted to plasmin. a pro- 

. KSCS ™ semb,es ^ of ^ p,asmin breaks down fibrino9a - - fibri - * 

fom^ed^'th"^ 00 ^' 1 ' 0 " 8, ^ fi i rin0lySiS SySt6m iS ba ' anCe With 0,6 emulation system. Small thrombi 
formed in the blood stream can be dissolved enzymatically and the circulation through the vessels can be res- 
tored by the actuation of the fibrinolytic system in the body, v the fibrinolytic activity is too h?h it may^ause 
or prolong bleeding. The activity can be inhibited by natural inhibitors in the blood 

5 1H ™l end T ptida !^ 

!^7 e P rote ase which readily degrades a number of neuropeptides including substance P neurotensin 
? 3 T 9 T° ne 3nd ' UteiniZin9 ^one-releasing hormone and which has been associated with 
the abHity of cell to produce mterleukin 2 (IL-2). The enzyme is inhibited by benzyloxycarbonyl-pro.yl-pro.inal 
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10 



20 



25 



serine protease family of proteolytic enzymes. . nvsiologica , processes which have been assorted 

Themu.tiplero.es played ^^^Tj^ZJ^ activity, suggest a potential use of 

with pathological disorders such as cancer, '^am^or ana tem . 

^JSn inhibitors in several indications ^ r ^J^2iS-o*l- with the generation of thronv 
Many tumor cells have been shown » S« which are thought to be important for he 

bin As a consequence, local fibrin deposrtwn and eoaguijM^ o may facilitate the extravasation 

g^^etumor-Addition^duetoitsene^ 

of tumor ce,,s during metastasis. ^^^S^X observed in patients during therapy w,th 
certain cancers but also in reducmg the hypercoaguianmiy 

chemotherapeutic agents. lle i^ur^ a number of pro-inflamrtiatory changes such as synth^esis 

Thrombin activation of endothetia. ^^^^ating factor. Additionally, thrombin .nduces the 

disorders, rheumatoid arthritis and " es make s thrombin to a potential target for the 

Its involvement in all these P r ^^ am ^^^!^ on . relat ed pathological disorders, 
therapeutic treatment with thrombin inhlb,tore /^ r ^ e °^ h and a specific natural thrombin antagonist. 

Theactiv^ofthepm^^ 
is markedly and specifically decreased ,n .^ e "^l e S braL, suggests that thrombin inhibitors may have 
thatthrombin-like activity was « ith thrombin *T? Tronic 

potential for limiting or reversing neuronal J^^^^ e^ses and proteases.The first ^ororuc 
30 ' Boronic adds have been stud.ed as mh.b*^ 

acid-containing amino acid analog to be and subti.isin. Peptide boronic ac,ds have 

Thelnteraction of boronic adds with pro ^ 
35 acJh^beenshowntobesu^ ^ ^ chlor omethy. k etones. 

Eu^pean Patent Application 293 881 descT,bes W 

actives of lysine, o„^^ 
40 The other amino adds in the peptides are an e 

45 ^Accordingly, the present invention provides compounds of formula I 



50 



Qi 

* / 
N - CH - B 

1 1 \ 



55 



EP 0 471 651 A2 

.^S^g^^ « a group -A-X wherein A is 



20 



25 



is 2.3 or4. Rs (CH ^ X • « X' ,s -NH, -NH-C(NH)-NH 2 , -N, or -Sifc^. and z< 

Preferred compounds are those of formula la 



OR, 

* / 

Y - N - CH - B 

I i \ la 



30 R« R 5 OR 



10 



35 



wherein^ W, Y. R, and R 5 are as defined above and R. and R 

Useful examples an, ^S^utanedioT^echoT- re ^ rttheresidueof ^ihyd ro xy compound 
£* 1.2-hexa^dto,; 2.3-hexanediol; ^o^ cydohexanedlol; e£ 

groupsmataresubstituted on adjacent cart* ^atomT^on^l ! " 8r ° matiC com P° u ^ having hydroxy 
of f^? U 'f rty are »~ ^Pou^ by another carton atom! 

of formula a) or the group of formula b) Ql 3nd Q2 taken to 9 ethe r represent the group OPin 



40 



- 0, 




- 0 



4$ - 0 

a) 




x acds such as glufcn™ acid ga^S ac,ds ° r ^hemicaHy modified alpha-am^ 

(Glu fT^) ) 

Preferred unnatural amino acids are of formula II 



4 
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I 

NH - CH - C - 

M 

0 



II 



linked to an 
no 



nolar substituents. or to a tert butyl or trimethylsHyl group. Preferably R„ is R„ where k„ b 



10 polar substituents, 

mulae c), d), e), f), g). h) or i) 



15 



20 



25 




C) 



-CH 2 -C(CH 3 ) 3 



-CH 2 -Si(CH 3 ) 3 



d) 



30 




HO 




0 



CE 2 - 



e) 




,CH 2 - 



O 



0 C«B S 

■f-V 

c 6 e 5 



35 



h) i> 
D- or L- form or any mixture of these, but are preferably 
inD40rrn thrombin inhibited 

of which me N-termina. amino acid is the unnatura. amino acid and the other ammo a«d . L-pro.,ne (Pro). 



f) 8) 

The unnatural amino acids of formula II may be in 
-form. 

More preferred compounds are 
rhicr 

40 formula 



45 




50 



These more preferred compounds have the formula I' 



Qi 



55 



V - NH 



-CH(Ru) - CO - Pro- » - CHR 5 - 



Q 2 



5 



EP0 471 651 A2 



in which X is -NH 2 may in turn be produced by hydrogenaton of a compound of fonrjula h , wh,ch X ,s U 3 . 
Hydrogenation may be carried out under standard conditions using for example a Pd/C catalyst 

The compounds of formula . in which X is -N, may be produced by reaction of a compound of formula VI 

Qi 

/ 

U-Y-NH-CH-B VI 

I \ 
R 12 Q 2 

in which W Y. Q, and Q 2 are defined above and R 12 is -A-Br wherein A is definded above with sodium azide 
in fpSar apmuc solvent such as dimethyl sulfoxide. Compounds of formula I in which X ,s an a.kyith.0 group 
^ be prSuid by the reaction of a compound of formula V. with a thiol in the presence of an organic base 

SU *There n nmediates of formula VI. as we., as compounds of formu.a . in which X is -Si(CH s)s or an aHcoxy 
group may be obtained by the reaction of a compound of formula VII 

Qi 

CI - CH - B VII 

I \ 
R13 Qz 

in which Q, and Q 2 are defined above and R„ is -A-Br. A-Oalkyl or -A-SifCH,), wherein A is defined labove 
of formula VIII 



V - Y - 0 - N 



VIII 



8<1 TM orotected peptide offdom*. VIII may be prepared by rpempds which are coiwaMlcaial » pepMe 
en Jfcav^S S th. desired unaatural amirra add. Sac* arnlao adds eitfrar « ■«"■««■"■»; 

4reerr^:ra^ 

dianl^nSanSudies of these enzymes. Furthermore, because of their inhibitory acbon they are 
rStt^l or treatment of diseases caused by an excess of an enzyme ■„ a regulatory 
owof 0 m for p^amnie control of the coagulation of fibrinolysis system. 
■^SSSTKi layanJn a. — - «• Xa 

n m m»r«P S and mav be employed when an antWhrombogen.c agent is needed. Generally, these compounos 
Z^Z^Z^o^ToLre^Y to a host to obtain an anti-tbrombogenic effect In the case of large 
may be administered orally b administered alone or in combination with pharmaceubcal 

mammals ^^^;^^^Zy weight and preferably 1-10 mg/Kg to obtain the 

ISZZ^Z^w^ as *w* dose or in divided doses or as 8 sustained 2T-^ 

""T? an r^moreal blood loop is to be established for a patient 0.1-1 mg/Kg may be adminis- 

ZSSZSZ t^STJSf «S from 1-10 mg per liter may be provided to prevent coagulation. 
Pha «S> Known and include sugars, starches and water which may be used to maKe 



7 
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in which W, R,, Rg, R 1t , Q 1t and Q 2 are as defined above. 
Particularly preferred compounds are those of formula I" 



V - NH - CH(R lx ) - CO - Pro - 



i" 



10 in which W. R,, Rj' and R„ are as defined above. 

The most preferred compounds are the compound of formula III 



1S 



20 




the compound of formula IV 



30 



-NH 



35 



and the compound of formula V 



40 




45 



H 0 



■ 

ir 



50 



vQ3 



NH 



III 



IV 



s proteases if the particular peptide 



M has aSeilS"^ 

has a value of 10-a M or lowerfor the dissociation constant 
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implantable apparatus which comes in com£ iTtZ* ^ " C ° ntainers ' *** « 

nsitive to compounds such as heparin * ,rea,men, ° f M ^ who are hyperse- 

ln the following examples, the symbols have the following meanings: 



* - benzyioxycarbonyi 

7 0c = t-butyioxycarbonyl 

10 ** = acetyl 

^ eOH = methyl alcohol 

£ t0Ac = ethyl acetate 

J^L = ^cyclohexylcarbodiimide 

HONSu =N.hydroxy-succinlmide 

15 0P ' n =pinanediol 

THF = tetrahydrofuran 

rvBu = n-butyl 

^ p = P-nitrophenyl 

20 Ih C = la yer chromatography 

= benzyl 

5!L =-NH-CH-(CH 2 CH 2 CH 2 Br)B. 

TMSal = trimethy1silytalanine 

^ dal = adamantvlalanine 

" aphal = 2-naphthytalanine 

25 BoroOm = -NH-ChKCHjCHjCH^HJB- 

BoroArg = -NH.CH4CH 2 CH 2 CH i NHC(NH)NH 2 ]B- 

l~ 9 ' y = 1-adamantylglycine 

oroPro- = analog of pr0 | ine in whjch , ne _ COOH 

„ " , = group is replaced by B-Opin 

Si =- n h-ch-<ch 2 -ch 2 -ch 2 -ch 2 -nh 2 )b- 

B^reM^? = " NH - CH -< CH 2 CH 2 CH 2 CH 2 NHC(NH)NH 2 )B 



35 



. 40 



45 



50 



55 



E^SS B -P-^raxymethyl-phenylalanine 

Th!t£? = P-^^^enyl-silykjxy. methyLphenylalanine 

'•'■assist 

ceaderMct^s^th^^ -» a single-cel. Kinetic 

NaCI and 0.1% bovine serum albumin V„ „ , !L Phosphate buffer. pH 7.4, containing 0.1 M 

exogenic assaVm^^^ 4 °° " M "*» en2 ^ *» -e 

lohexy.-ala-arg.pNX is dissZS in buJer SI SS* to ^ SUbStrate ' ^H-H-D-cyc- 

cremophor/ethano. 1:1 and 1^122^2^^ m ?T ****** are f,ret dissolved 

with the phosphate buffer desSbeHoT "* S ° ,Ufon - di,Utions are P«fcm»d 

sua^oTlhfre.^ 

lowed for 30 mi £ Th by r^T^i^el^T " ** ^ h £ 

^culatemeWneucparem^ 

of arton are not exdudeTtnTcnara^ 

mechanisms ol««vJ^^2?S3£^^" inhibit0fS iS to the ^ 

stents of those ^^^tg^^t^^ 9 Kinetic co - 

control > v 0 with inhibitor) at | >>S "L f? 9 mechanism - "amely fast binding (initial rate v 0 of 

linear regreasion^ concentration/total enzyme concentration) are calculated by 

zonta, intercept O^uaton COnCemrat,0n B ^ * V *» iS the hor" 



iffK ♦ *■ K), app = K, (1+S/Km) (1) 

■sarartbedb, ' ^°° W ' SO "' yslow, !' aa ' l «™''-»»I»oge SS outccofpNAfoi™iion 
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25 



45 



^[l-extf-W)] (2) 



kotos 

where P is the amount of pNA formed at time tf. V 0 the initial rate, V, the rate at steade-state, and k^ an appa- 
rent global reaction rate as a function of E,, l t . K,, w . and the observed second-order rate constant (k' oft ) for 
5 the interaction between inhibitor and enzyme. Data from slow, tight-binding inhibition measurements are fitted 
to equation (2) by a nonlinear regression analysis which yields estimates of k^. Values for k'c. ko* and K«, upf> 
are then obtained from a plot K*» vs DJ. The value for is given by the vertical intercept, while the values of 
k'™ and K, are calculated from the slope and horizontal intercepts, respectively, using equation (1). 

10 Example 1 

Boc-TMSal-Pro-NH-CHKCH^ aN jBOPin 
A. Boc-P-TMSal-OH 

15 

D-TMSal ethyl ester (21.5 g, 113.7 mMol), prepared according to the procedure given in Angew. Chem. 
93, 793 (1981), is dissolved in CH 2 CI 2 and a solution of an excess of B0C2O in CH 2 CI 2 is added. After 15 hr at 
room temperature. 500 ml of ice-cold 0.25N hydrochloric acid is added. The organic layer is washed with 5% 
NaHC0 3 and brine, then is dried over NajSC^ and concentrated in vacuo. 
20 The crude material (colourless oil) is used directly in the saponification step. It is dissolved in methanol, 
cooled to 0°, mixed with 510 ml of 1N NaOH and stirred at 0° for 3 hr. After acidification to pH1 with 1N HCI, 
the mixture is extracted several times with ether. The organic layers are combined, washed with brine, dned 
over Na^ and concentrated in vacuo. The product (29.7 g oil) is used in the next step without further puri- 
fication. 



B. Boc-P-TMSal-Pro-ONSu 



Boc-D-TMSal-OH (29.7 g, 1 13.7 mMol) and p-nitrophenol (19.0 g, 136.3 mMol) are dissolved in EtOAc. After 
cooling to 0°, DCC (23.4 g, 1 13.6 mMol) is added and the mixture is stirred for 1 hr at 0° and then for 15 hr at 
30 room temperature . The precipitate is filtered off and washed with EtOAc and the filtrate is concentrated in vacuo . 
The resulting oil is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired Boc-D-TMSal-ONp 
as white crystals. 

Boc-D-TMSal-ONp (51 .6 g. 1 13.7 mMol) is dissolved in THF and an aqueous solution of equimolar amounts 
of proline and Et 3 N is added. After 20 hr at room temperature, the THF is removed in vacuo and the aqueous 
35 residue is diluted with water and then extracted several times with EtOAc. The pH of the aqueous layer is adjus- 
ted to 3 by adding 10% citric acid. The resulting oily product is extracted several times with EtOAc. The com- 
bined organic layers are washed with brine , dried over Na^O, and concentrated in vacuo. The colourless oil 
is recrystallized from ether/hexane to give the dipeptide Boc-D-TMSal-Pro-OH as a white crystalline compound 
rhp: 176°C. 

40 The resulting dipeptide (26.0 g, 72.5 mMol) is dissolved in EtOAc. After cooling to 0°, HONSu (9.8 g. 85.5 
mMol) and DCC (14.9 g. 72.3 mMol) are added. The mixture is stirred for 3 hr at 0° and then for an additional 
1 5 hour at room temperature. The mixture is recooled to 0°. the dicyclohexylurea is filtered off and washed sev- 
eral times with EtOAc. The filtrate is washed with aqueous 0.1 M Na 2 C0 3 and then with aqueous 2% KHS0 4 . 
After drying over N a2 S0 4 and concentration in vacuo. Boc-D-TMSal-Pro-ONSu is obtained as a white foam. 



C) Boc-D-TMSal-Pro-Baa-OPin 



This procedure is a one-pot 3-step procedure which comprises the in situ formation of a chiral a-(bis- 
trimethylsilyl)amido boronate, the hydrolysis of the two trimethyisilyl. groups and the coupling of the so formed 

so a-amino boronate with the active ester (Boc-D-TMSal-Pro-ONSu) prepared in step B. The entire sequence of 
reactions is carried out under an argon atmosphere. The chiral a-chloro boronate ((+>PinanedioKS)-1-chlo- 
n>4-bromo-butane-1-boronate) (1 .75 g. 5.0 mMol) is dissolved in 2.5 ml THF and is added to a precooled -78 ) 
solution of lithium hexamethyidisilazane (5 ml of a 1.0 M solution in hexane, 5.0 mMol). After stimng for 30 
minutes at -78°, the solution is warmed up overnight to room temperature. After recooling to -78°. 3 mol equh 

w valents of HCI in dioxane are added. The mixture is warmed up to room temperature and is stirred for 2 hr at 
this temperature. After recooling to -20', a solution of the active ester of step B (2.28 g. 5.0 mMol) in 6 ml CH 2 CI 2 
is added, followed by the addition of 1.39 ml (10.0 mMol) of triethyl amine. 



9 
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The mixture is stirred for 1 hrat-1 3°, warmed up to room temperature and stirred for2 hr at this temperature^ 
Inh^TZ IS* 'It^ IS COncentrated in vacuo « ^idue is diluted with ether and washed with' 
crystalled on standing to give the desired chiral peptide boronate as a white crystalline compound. 
D) Boc-D-TMSal-Pro>NH»CHf(CH,^N,1BOPin 

coh B0C "°w M ^ Pr ^ B ^ a -° Pln - Product of step C (804 mg, 1.2 mMol) is dissolved in 13 ml of DMSO and 
156 H m9 ' ^T* r ddGd ' ThC miXtUre iS St ^ d for 3 hours * «"» temperature. Ether / iCe 

tT^d iST 3 k h^k d, r ,y ^ CfySt3,S ^ PreCipitated ° Ut 0f the mixture ' Th * ^hite precipitate is fil- 
tered off and washed with ether to give 0.6 g of the azide as a white crystalline compound. 



Example 2 

*5 Boc-D-TMSal-Pro-BoroOrn-OPh 



20 



25 



30 



35 



sence of 0 so of^Sn fZ™ 9 - " h 25 E,0Ac and is ^rogenated in the pre- 

S white Ll h- h „ 2 - 5 ^ fe rem ° Ved and the so,ution is concentrated in vacuo to 

yield a white foam which is recrystallized from EtOAc / ether to give the desired product as a white crystalline 
compound, m.p.: 200 - 202°, [ofc 20 = - 1 1.6° (c = 0.5 in MeOH); crystalline 

Example 3 

Boc-D-TMSal- Pro-boroAro-OPin ( benzene sulfonated 

BooD-TMSal-Pro-boroOm-OPin of Example 2 (250 mg. 0.412 mMol) is dissolved in 2 ml ethanol Benzene 

ml ZT* l^ZTT* 2 fe added - After BHnh8 for 15 at room •^KtSSS 
by EES JSJ S: 2f e "TT is heated under rcflux - 71,6 pro9ress of the reacti °" * 

5 to £S 211 STTT?- ? mnhydrin SP ° tforthe amine "—M and «• appearance 

of _the Sakaguch^slreakof the product b observed. After 7 days, amine can no longer be detected and the sol- 

The desired product is obtained as a white foam 
[o] D » = - 45.3° (c = I in CHzClj). 

Example 4 

Boc-D.TMSal~Pro-NH-CH((CH ? )aN a )B-OPin 

40 A > (^P ina ned'Ol-(S)-1-chloro-5-bromo-pentane-1-boronate 

„ 4 -^rno-1-butene (20.8 ml. 203.3 mMol) is reacted with catecholborane (24.4 g. 203 3 mMol) at 100-C 
Smpouni CTJde Pr0dUCt iS dfeffl,ed ln ~ 10 ^ ^-o-butane-l-Lnate as a 2££2£ 

SJlTSiEi 7 - 9 ' 2^ iS diSS0 ' Ved ^ ™ F a " d the ab ° Ve 4-bromo-butane-l-boronate 
h ? ' S 3dd6d - Ater 1 hr 3t ro0m ,emperature ' tne ™ is removed in vacuo and the mSmi 
a ^is oi. Chr0ma,r09raphy <«"° "exane/EtOAc) to give (^pinanedtoM-bromo-butane-l^rona^ 

The desired (^pinanediol-(SH^hloro-5-brorno-pentane-1-boronate is prepared according to the oro- 
cedure given ,n OrganometaHics 3. 1284 (1984). Therefore methylenech.oride(9 8 ml) Ewta cooled to 

~,d S xfsS:^ 6 1 H ^° n ' 114 - 5 mM0,) iS 3dded ° Ver 20 min - 2i« mTn^OOX; 
a coio (-78 C) solution of (+)-pinanediol-5-bromo-pentane-1-boronate (32 8 o 104 1 mMon in thp « *«aJ 

dry^r S and « of T > ^l"™*?* and is ^eral times with hexane. After 

nSeis ob^fS I ? ? ? u 6nt V3CU0, < + >- pinanedi °KS)-1-chloro-5-bromo-pentane-1- boro- 
nate ,s obtained as a yellow oil which is used directly in the next step without further purification 



45 



SO 



55 
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BJBoc-D-TMSal-PrcnNH-CHWCH^BOB-OPin 

5 hr at room temperature. ^—^ipd to HO (29.8 ml 6.56 N solution. 196 mMol) in 

After this periode, the reaction mixture ■ 78 * ™< 2 hr at ^ temperature. The mixture 

dioxan is added, the solution is stored** -46 «n f' 7 *%^™ n ^^ 1 in CHjCIj is added before 
is cooled to -15-C. Boc-TMSal-Pro-ONSu (29.7 g. 65.2 mMo^ ot txa P for ^ ^ ^ 

famine (18, ml. 130* n*tot) is ^^^^7^^ is concentrated in vacuo, 
to mixtureisstirredfor2hrat ro omte^ 

from ether/hexane as a white crystalline compound. mp: 74°C. 
« OBoc-D-TMSal-Pro-NH-CHUCH^NJB-OPin 

(c=1.0inMeOH). 

Example 5 

25 Boc-D-TMSal-Pro-BoroLys-OPin 

30 crystalls, mp_ 128-129-C; ao = -59.6' <c=1.0 in MeOH). 
Example 6 

R oe .r>-TMSal.Pro-ft "'"HAroOPin (benzene sulfonate) 

35 ThebenzenesulfonateofBoc-O-TM^ 

in ethanol. Cynamide (210 mg. 5.0 mMol) * added and the ^J^^^^^gM^n^mm 
action ismonitored by ^ C ^^^^^T^7 days, amine can no longer be 
and the appearance of the Sa^u^eak of ^^ M e6 jn MeOH and is chromatographed 

<o detected and the solution is concentrated .nvaoio^The rescue « 

on a 5 x 55 cm column Sephadex ^^^^^.^f^^ _ .40.8 0 (c=0.5 in CHjCy. 
The desired product is obtained as a white foam. a D \ 

Examples 7-29 

45 B y methods analogous to those in Examples 1-6. the compounds of formula 

Qi 

V - NH - CB - CO - AA - N - CH - B 
I 



50 



Rl , R 4 R 5 ' Q2 



in 



55 
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TABLE I 



5 


Ex 


V 




R4 


R 5 ' 




AA 


l«l» 20 


C solvent 




7 


Boc 


c) 


H 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-27,8° 


0,5 EtOB 




8 


Boc 


c) 


H 


-(CB 2 )jNBC(NB)NB 2 


a > 


Pro 


-75, 0 e 


1,0 CB 2 C1 2 




9 


Boc 


e) 


B 


-(CB 2 ) 4 N 3 


a) 


Pro 


-64,7° 


0,51 CB 2 Cl 2 


10 


10 


Boc 


e) 


B 


-(CB 2 ) 2 SiMe 3 


a) 


Pro 


-57,0" 


0,5 CB 2 C1 2 




11 


Boc 


d) 


H 


-(CB 2 ) 2 SiMej 


a) 


Pro 


-59,3° 


1,0 CB 2 C1 2 




12 


Ac 


c) 


H 


-(CB 2 ) 3 NBC(NH)NB 2 


a > 


Pro 


-80,2° 


0,5 CB 2 C1 2 


15 


13 


Boc 


e) 


H 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-42,3° 


0,5 CB 2 C1 2 


14 


Boc 


c) 


B 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Pro 


-18,8° 


0,5 EtOB 




15 


Boc 


e) 


H 


-(CB 2 ) 4 NBC(NH)NB 2 


a) 


Pro 


-61,7° 


0,41 CB 2 C1 2 




16 


Boc 


e) 


H 


-(CB 2 ) 4 NB 2 


a) 


Pro 


-52,4° 


0,54 CB 2 C1 2 


20 


17 


Boc 


d) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


b) 


Pro 


-35,8° 


1,0 EtOAc 




18 


Boc 


e) 


H 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-10,6° 


0,5 CB 2 C1 2 




i9 


Boc d) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


b) 


Gly 


+ 8,8° 


0,5 EtOAc 


25 


20 


Ac 


c) 


B 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-78,6° 


0,75 CB 2 C1 2 




21 


Boc 


e) 


H 


-<CB 2 ) 3 -NB 2 


b) 


Gly 


-4,4° 


0,5 CB 2 C1 2 




22 


Boc 


f) 


H 


-(CB 2 ) 3 -N 3 


a) 


Pro 


-76,0° 


0,5 CB 2 C1 2 




23 


Boc 


f) 


H 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-25,4° 


0,5 CB 2 C1 2 


30 


24 


Boc 


f) 


B 


-(CB 2 ) 3 NBC(NB)NB 2 


a) 


Pro 


-34, 8° 


0,5 CB 2 C1 2 




25 


Boc 


d) 


B 


-(CB 2 ) 4 NBC(NB)NB 2 


a) 


Gly 


-14,7° 


1,0 MeOB 




26 


Boc 


d) 


B 


-(CB 2 ) 4 NB 2 


a) 


Gly 


-30,6 


0,5 EtOB 


35 


27 


Boc d) 


B 


-(CB 2 ) 4 NB 2 


a) 


Asp 


-18,4° 


0,5 MeOB 


28 


E 


d) 


E 


-(CB 2 ) 3 NE 2 


a) 


Pro 


-53,6 


0,32 MeOB 




29 


Boc 


d) 


B 


-(CB 2 ) 4 0C 2 B 5 


a > 


Pro 


-54,2 


0,5 MeOB 



40 Example 30 

Boc-D-TMSal-Pro-BoroMpg-OPin 

A) (+)-Pinanediol-(S)-1-chjoro-4-methoxy-butane-1-boronate 

45 

3-Methoxy-1-prppene (6.0 g, 83,3 mMol) is reacted with catechol bora ne (10.0g t 83.3 mMol) at 100°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colourless oil. 
(+)-Pinanedbl(10.6 g t 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-boro- 
nate (12.0 g, 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
so is purified by flash chromatography (80:20 hexane/EtOAc) to give (+)-pinanedioi-3-methoxy-propane-1-boro- 
nate as a colourless oil. 

The desired (+)-pinanedioKS)-1-chloro-4-methoxy-butane-Vboronate is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984). Therefore methylenechloride (2.2 ml) in THF is cooled to - 
100°C and n-butyllithium (13.8 ml 1.6 M solution. 22.0 mMol) is added over 20 min. After 15 min at -100°C, a 
55 solution of (+)-pinanediol-3-methoxy-propane-1-bororiate (5.04 g t 20 mMol) in THF is added followed by 
anhydrous ZnCI 2 0-42 g, 10.0 mMol). After additional 15 min at -100°C the reaction mixture is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. The organic layer is dried over Na 2 S0 4 and is concentrated to give an oil 
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which is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired W -pinanedioKS)-1-ch.orc- 
4-methoxy-butane-1-boronate as a colourless oil. 

B) Boc-D-TMSal-Pro-BoroMpg-OPin 

Asautionof^SIMe^^ 
of step A) (1 .53 g. 5.0 mMol) in THF is added. After stirring for 1 hr at -78 C *e modure *M 

room temperaJe. After this periode. the — ^1^^ fo^ h^atlm e^rature'. 
15.0mMo.)indio r isadd ? 

The mixture ts cooled to-1.5 C. Boc-TMSai kto-uin^u ^.^ y ' Aft ^ at _ 15 o C for -| hr. the 

triethylamine (1.39 mf. 10.0 mMo|) is ^^^SSi^^^L^ in vacuo: 
mixture is stirred for 2 hr at mom temperature Jhe m.xture is filtere brjne ^ 
The residue is diluted with EtOAc and is washed with 0.2 N HCt. 5 h NaHCO, ana ina»y Roc-D-TMSal-Pro- 
of the solvent, an oil is obtained which is purified by flash chromatography (EtOAc) to grve BocD TMSa. 
BoroMpg-OPin as a white foam, a D = -48.8° (c=0.25 in CH 2 Cl2). 

Example 31 

Boc-D-(p-(TBDPS-0)methyl)Phal-Pro-BoroOm-OPin 

A) Boc-D-(p-((1.1-dimethy1ethyl)diphenyl-snyl)oxy)methylphenylalanine 

ted to 1-2 and « m K» * «^^ 0 X=^S^l!^ to. oxazo-idtoone I. 
foam. 

B)*x>DKp^1-d^^ 

p-nitropheno. (0.43 g. 3.12 mMol) in ^^^.^^S^a EtOAc. The filtrate is concentrated in 
After cooling to 0^ 

> vacuo. The resulting oil (Boc-D^p-TBDP54>werrna~"F/ . so tution of L-proline 

(365 mg. 3.17 mMol) and EfcN <M» ltd. 6.33 mMol) « addei A(te- Th " rii oil, pnoduat * exdaated 
rented in w The pH (o odjos.ed I. 3 by ££££ brS?. dSd o«r Na,SO, aod 000- 

— : r* *.r^pSX~ <*i — — 
• pcrrsc^ 

This dipepMe (1 j 9 . 2.06 mMol) is dissolved ^ EtOAa. Me °< ^^J^ riu «* M and 

. Sl^r^lr *SK — — . toe bde demand Bo,p.,,TBDPS.C3 
Me)-Phal-Prc-ONSu is obtained as a white foam. 
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C) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-Baa-OPin 

The title compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C. Therefore the intermediate a-amino-boronate, which 
5 results from the reaction of the chiral a-chloro-boronate ((+)-pinanediol-{S)-1-chloro-4-bromo-butane-1-boro« 
nate) (659 mg, 2.0 mMof) with LiN(SiMe 3 ) 2 (2.0 mMol) and hydrolysis with HCI, is reacted with the active ester 
of step B) (1.45 g, 2.0 mMol) in the presence of Et 3 N (4.0 mMol) to give the title compound which is purified by 
flash chromatography (1:1 hexane/EtOAc). 

w D) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-BoroOrn-OPin 

The product of step C) (680 mg, 0.72 mMol) is dissolved in DMSO and sodium azide (94 mg, 1.44 mMol) 
is added. The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immediately white 
crystal Is are precipitated out of the mixture. The white precipitate is tittered off and washed with water to give 
15 Boc-D-(p-TBDPPS-0-Me)-Phal-Pro-NH-CH((CH2)3N3)B-OPin as a white crystalline compound. 

This azide (272 mg, 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of Lindlar-Catalyst. 
After 8 hr, the catalyst is removed and the solution is concentrated in vacuo. The crude product is purified by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, oto = -32.4° 
(c=0.25 in MeOH). 

20 

Example 32 

Boc-CMp-OH-Me)-PhaUPro-BoroOrn-OPin 

25 The boro-omtthin of Example 31 (132 mg, 0.15 mMol) is dissolved in THF and is reacted with n-Bu 4 NF (0.3 

ml 1.1 M solution, 0.3 mMol). After 45 min at room temperature ice water is added and the resulting mixture is 
extracted several times with EtOAc. The combined organic layers are dried over Na 2 S0 4 and concentrated in 
vacuo. The resulting oil is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white foam, a D = -34.0°C (c=0.1 in MeOH). 

30 

Example 33 

Boc-OTMS-al-Adgly-boroPro-OPin 

35 A^ L-1-Adamantylglycine 

(3(2S),4S)-3-(2-Azidc-2-adarnant-1-yM-oxoethyl^ (% de > 95; 9,86 g, 

25,0 mMol), prepared according to the procedure given in J. Am. Chem. Soc 109 , 6881 (1987), is dissolved 
in 320 ml of a mixture of THF/H 2 0 (3:1), cooled to 0°C, mixed with 4 equiv. of hydrogen peroxide and 2,0 equrv. 

40 of LiOH. The resulting mixture is stirred at 0°C until the substrate has been consumed (30 min.), and the 
peroxide (percarboxyiate) is quenched at 0°C with 1 0% excess of 1,5 N aq Na2S0 3 . After buffering with aqueous 
NaHC0 3 (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidinone chiral 
auxiliary. The product carboxyiic acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase, 
drying over Na 2 S0 4 and concentration in vacuo. The desired (S)-azido-adamant-1-yl-acetic acid is isolated 

45 as white crystalls (5,29 g) and is used in the next step without further purification. 2(S)-Azido-adamant-1-yJacetic 
acid (5,29 g, 22,5 Mmol) is dissolved in 110 ml of EtOH and 11,3 ml of 2 N HCI, and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2,5 h, catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoacid as the hydrochloride salt The obtained hydrochloride is suspended in 40 ml of H 2 0 
and is treated with 1,9 g of solid NaHC0 3 . The obtained amino acid is filtered off and washed several times 

so with water. After drying in vacuo, L-T-adamantyl-glycine is obtained as a white crystalline compound, [afo 20 = 
+ 3,0 (c = 1,0 in MeOH). 

B. Boc-D-TMSa)-Adgty-ONSu 

55 Boc-D-TMSal-ONp (7J1 g, 20,2 mMol) of example 1 is dissolved in THF and an aqueous solution of 

equimolar amounts of 1-adamantyl-glycine and Et 3 N is added. After 20 h at room temperature the THF is 
removed in vacuo and the aqueous residue is diluted with 1 50 ml of 0,1 N HCI, and then extracted several times 
with EtOAc. The combined organic layers are washed with brine, dried over Na 2 S0 4 and concentrated in vacuo. 

14 
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2N a Sb!??^ "T? « VaCU0 ' the resid - « — with ether and washed with 
«2d2£r«?! ^ 0,9aniC ' ayer fe dried over Na * S0 « and concentrated in vacuo The residue 

s crystalled on stand, ng to g,ve the desired chira. peptide boronate as a white crystalline compound 

D) Boc-D-TMSal-Pro-NH-CHW CH^KJJBnPin 

Example 2 

5 Boc-D-TMSal-Pro-BoroOrn-OPin 

senL^tZ^VlZ?^^ iS t diSS ° ,Ved 1" ^ Et ° AC a " d iS hydrooenated in "* 
Example 3 

Boc-D-TMSal- Prc-boroAro-OPin ( benzene sulfonated 

The desired product is obtained as a white foam 
[a] D » = . 45.3° (c = I in CHjCy. 

Example 4 

Boc-P-TMSal-Pr o»N^^ 
A ) (^Pinanediol-(S)-^^ 

Jl^^^fif^^ 1 d K iSS0 ' Ved " THF 3nd "" 3b0ve " 4-bromo-butane-l-boronate 

The desired (+)-pinanediol-(S)-lK:hloro-5-bromo-pentane-1-boronate is prepared accord™ m «» 
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10 



15 



B) Boc-D.TMSal.Pro-NH.CH((CH2)4Br)B-OPin 

hr at room temperature. ■ _ Ror HCI (29 8 m | 6.56 N solution, 196 mMol) in 

After this periode, the reaction mix*.*, * SSJJSSS* room temperature. The mbcture 

dioxan is added, the solution • ^7 « oT Example 1 in CH& is added before 

is cooled to -15»C. Boc-TMSal-Pro-ONSu (29.7 g. 65.2 mMol) °™ m, L ^ a t-15»Cfor 1 hr, the 
Lhylamine (18.1 ml. 130.4 mMol) is added in 
mixture is stirred for 2 hr at room *™*™* K ^™^Zert^Z *l ether. After drying over Na^O, and 

from ether/hexane as a white crystalline compound, mp: 74 C. 
C) Boc-D-TMSal-Pro-NH-CHttCH^N^B-OPin 

added The mixture is stored for 6 hr at ^HT^n^Zt «cao the »aaltln 9 oi is e*sta»iz.d 



20 to give 

(c=1.0 in MeOH) 



30 



35 



Example 5 

25 Boc4>TMSal-Pro-BoroLvs-OPin 

Tr-aztdeatE^.^..^^ 
crystalls. mp_ 12&-129-C; a 0 = -59.6- (c=1.0 in MeOH). 
Example 6 

Boc-D-TMSal-Pro-RnmHAro-OPin (b enzene sulfonate) 

Theben,enesu,fonateofBo^^ 
in ethanol. Cynamide (210 mg. 5.0 mMol) . 

reactionis monitored by RP-TLCinwh,c* ^T^^^^Z After 7 days, amine can no longer be 

and the appearance of the ^9"^^^^^^ in MeOH and is chromatographed 
«, detected and me solution is concentrated in vawo^The residue is 

on a 5 x 55 on column Sephadex LH-20 with MeOH. _ _ 

The desired product is obtained as a wh.te foam. a 0 - -40.8 (c-0.5 in ch 2 2 ; 

Examples 7-29 

45 By methods analogous to those in Examples 1-6. the compounds of formula 

Qi . 

■ : '' "... / . .. 

. V - NH --CB - CO - AA N - CH - B 

50 * i ' ^ 



R 



11 



in 



55. 
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TABLE I 



r 

5 


Ex 






R 5 ' 




AA 


1«1d 20 


C solvent 




7 


Boc c) 


B 


-(CB 2 )j-NB 2 


a) 


Pro 


-27,8° 


0,5 EtOB 




8 


Boc c) 


B 


-(CB 2 )jNBC(NB)NB 2 


a) 


Pro 


-75,0° 


1,0 CB 2 C1 2 




9 


Boc e) 


H 


-(CB 2 ) 4 N, 


a) 


Pro 


-64,7° 


0,51 CBjCl 2 


10 


10 


Boc e) 


B 


-(CB 2 ) 2 SiMe, 


a) 


Pro 


-57,0° 


0,5 CB 2 C1 2 




11 


Boc d) 


B 


-(CB 2 ) 2 SiMej 


a) 


Pro 


-59, 3° 


1,0 CH 2 C1 2 




12 


Ac c) 


B 


-(CB 2 ) 3 NHC(NB)NB 2 


a > 


Pro 


-80,2° 


0,5 CB 2 C1 2 


75 


13 


Boc e) 


H 


-(CB 2 ) 3 NHC(NB)NB 2 


a) 


Pro 


-42,3° 


0,5 CB 2 C1 2 


14 


Boc c) 


B 


-(CB 2 ) 4 NHC(NB)NB 2 


a) 


Pro 


-18,8° 


0,5 EtOB 




15 


Boc e) 


B 


-(CB 2 ) 4 NBC(NB)NB 2 


a > 


Pro 


-61,7° 


0,41 CB 2 C1 2 




16 


Boc e) 


B 


-(CB 2 ) 4 NH 2 


a) 


Pro 


-52,4° 


0,54 CB 2 C1 2 


20 


17 


Boc d) 


H 


-(CB 2 ) 3 NHC(NB)NB 2 


b) 


Pro 


-35,8° 


1,0 EtOAc 




18 


Boc e) 


B 


-(CH 2 ) 3 -NB 2 


a) 


Pro 


-10,6° 


0,5 CH 2 C1 2 




19 


Boc d) 


B 


-(CB 2 ) 3 NBC(NB)NH 2 


b) 


Gly 


+ 8,8° 


0,5 EtOAc 


25 


20 


Ac c) 


B 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-78,6" 


0,75 CB 2 C1 2 


21 


Boc e) 


B 


-(CB 2 ) 3 -NH 2 


b) 


Gly 


-4,4° 


0,5 CB 2 C1 2 




22 


Boc f) 


B 


-<CB 2 ) 3 rN 3 


a) 


Pro 


-76,0° 


0,5 CH 2 C1 2 




23 


Boc f) 


B 


-(CB 2 ) 3 -NB 2 


a) 


Pro 


-25,4° 


0,5 CB 2 C1 2 


30 


24 


Boc f ) 


B 


-(CB 2 ) 3 NHC(NB)NB 2 


a) 


Pro 


-34,8° 


0,5 CB 2 C1 2 




25 


Boc d) 


B 


-(CB 2 ) 4 NHC(NB)NB 2 


a) 


Gly 


-14,7° 


1,0 MeOB 




26 


Boc d) 


B 


-(CB 2 ) 4 NB 2 


a) 


Gly 


-30,6 


0,5 EtOB 


35 


27 


Boc d) 


B 


-(CB 2 ) 4 NH 2 


a) 


Asp 


-18,4° 


0,5 MeOB 


28 


E d) 


B 


-(CB 2 ) 3 NB 2 


a) 


Pro 


-53,6 


0,32 MeOB 




29 


Boc d) 


H 


-(CB 2 ) 4 0C 2 B 5 


a) 


Pro 


-54,2 


0,5 MeOB 



40 Example 30 

Boc-D-TMSal-Pro-BoroMpgOPin 

A) (+^PinanedioKS)-1^hloro-4-methoxy-butane-1-boronate 

45 

3-Methoxy-1-propene (6.0 g, 83 t 3 mMol) is reacted with catechol bora ne (1 0.0 g, 83.3 mMol) at 1 00°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-propane-1-boronate as a colourless oil. 
(+>-Pinanedk>l(10.6 g, 62.5 g mMol) is dissolved in THF and the above synthesized 3-methoxy-propane-1-bon> 
nate (12.0 g, 62.5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
so is purified by flash chromatography (80:20 hexane/EtOAc) to give (+)-pinanediol-3-methoxy-propane-1-boro- 
nate as a colourless oil. 

The desired (+)-pinanediok(S)-1-chioro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984). Therefore methylenechloride (2.2 ml) in THF is cooled to - 
100°C and n-butyllithium (13.8 ml 1.6 M solution, 22.0 mMol) is added over 20 min. After 15 min at -100°C, a 
55 solution of (-»*)-pinanediol-3-methoxy-propane-1-bdronate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous Znd 2 (1 .42 g, io.O mMol). After additional 1 5 min at -1 00°C the reaction mixture is warmed to room 
temperature and stirred for 2 hr at this temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. The organic layer is dried over Na 2 S0 4 and is concentrated to give an oil 
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which is purified by flash chromatography (9:1 hexane/EtOAc) to give the desired (.).pinanedio K SH^hiorc 
4-methoxy-butane-1-boronate as a colourless oil. 

B) Boc-P-TMSal-Pro-BoroMpg-OPin 

_ , " . . . iM ^ iMe W5 mil o M solution. 5.0 mMol) in THF is cooled to -78'C. The a-chloro-boronate 

invert an oil is obtained which is punf.eC by flash chromatography (EtOAc) to g,e Boc-D-TMSal-Prc- 
BoroMpg-OPin as a white foam, od ■ -48.8° (c=0.25 in CHzClj). 

Example 31 

Boc-D-(p-(TBDPS-0)methvl)Phal-Pro-BoroOrn-OPin 

A) Boc-D-(p-«1.1-dimethylethyl)diphenyl-snyl)oxy)methylphenylalanine 

.„ order to selectively reduce the azido group in the substrate, thiophenol (7.27 g. 66.0 mMol) is added to 
solution is obtained. Boc-anhydride (4.8 g. 22.0 mMol) is added before (3 (2S). 0 

foam. 

B)Boc-DKpmi^irne^ 

. Me)-Phai-Pro-ONSu is obtained as a white foam. 
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C) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-Baa-OPin w 

The title compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C; Therefore the intermediate a-amino-boronate wh.ch 
results from the reaction of the chiral a-chloro-boronate ( (+ )-pinanediol-(S)-1-chloro^-bromo-butane-1-boro- 
nate) (659 mg. 2.0 mMol) with LiN(SiMe,) 2 (2.0 mMol) and hydrolysis with HCI. is reacted with the acbve ester 
of step B) (1.45 g. 2.0 mMol) in the presence of Et,N (4.0 mMol) to give the title compound which is punfied by 
flash chromatography (1:1 hexane/EtOAc). 

D) Boc-P-(p-TBDPS-0-Me)-Phal-Pro-BorpOrn-OPin 

The product of step C) (680 mg, 0.72 mMol) is dissolved in DMSO and sodium azide (94 mg. 1.44 mMol) 
is added The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immed.ately white 
crystalls are precipitated out of the mixture. The white precipitate is filtered off and washed with water to give 
Boc-D-(p-TBDPPS-0-Me)-Phal-Pro-NH-CH((CH 2 )3N,)B-OPin as a white crystalline compound 
This azide (272 mg. 0.3 mMol) is dissolved in EtOAc and is hydrogenated in the presence of bndlar-Catalyst 
After 8 hr the catalyst is removed and the solution is concentrated in vacuo. The crude product is punfied by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, op = -32.4 
(c=0.25 in MeOH). 

Example 32 

Boc-D-(p-OH-Me)-Phal-Prc-BoroOrn-OPin 

The borc-ornithin of Example 31 (132 mg, 0.15 mMol) is dissolved in THF and is reacted with n-B^NF (0.3 
ml 1 1 M solution. 0.3 mMol). After 45 min at room temperature ice water is added and the resulting mixture is 
extracted several times with EtOAc. The combined organic layers are dried over Na 2 SC>4 and concentrated in 
vacuo. The resulting oil is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white foam, a D = -34.0°C (c=0.1 in MeOH). 

Example 33 

Boc-D-TMS-al-Adgly-boroPro-OPin 
A. L-1-Adamantylglycine 

(3(2S)4S)-3.(2-Azido-2-adamant-1-yl-1-oxoethyl)-Hphenylmethyl)-2-oxazolidone (% de > 95; 9,86 g. 
25 0 mMol), prepared according to the procedure given in J. Am. Chem. Soc 109, 6881 (1987). is dissolved 
in 320 ml of a mixture of THF/H 2 0 (3:1). cooled to 0°C. mixed with 4 equrv. of hydrogen peroxide and 2.0 equw. 
of LiOH The resulting mixture is stirred at 0°C until the substrate has been consumed (30 mm.), and the 
peroxide (percarboxylate) is quenched at 0»C with 1 0% excess of 1 .5 N aq Na^Oa- After buffering with aqueous 
NaHCO, (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidmone chiral 
auxiliary. The product carboxylic acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase 
drying over Na 2 S0 4 and concentration in vacuo. The desired (S)-azido-adamant-1-yl-acetic acid is isolated 
as white crystalls (5.29 g) and is used in the next step without further purification. 2(S)-Azido-adamant-1-ylacet.c 
acid (5 29 g 22.5 Mmol) is dissolved in 110 ml of EtOH and 11.3 ml of 2 N HCI, and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2.5 h. catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoacid as the hydrochloride salt The obtained hydrochloride is suspended in 40 ml of H 2 0 
and is treated with 1,9 g of solid NaHCO,. The obtained amino acid is filtered off and washed several times 
with water. After drying in vacuo, L-1-adamantyl-glycine is obtained as a white crystalline compound. [a] D = 
+ 3.0 (c = 1,0 in MeOH). 

B. Boc-P-TMSal-Adgly-ONSu 

Boc-D-TMSal-ONp (7.71 g, 20.2 mMol) of example 1 is dissolved in THF and an aqueous solution of 
equimolar amounts of 1-adamantyl-glycine and Et 3 N is added. After 20 h at room temperature the THF is 
removed in vacuo and the aqueous residue is diluted with 1 50 ml of 0.1 N HCI. and then extracted several times 
with EtOAc. The combined organic layers are washed with brine, dried over Na 2 SO, and concentrated .n vacuo. 
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on Boc-D-TMSal-Adgly-OH (6.9 g. 15.2 mMol •£^£1*** is stirred for 3h at «TC and then for an 

5l g, 18.0 mMo.) and DCC (3.1 g. %£2?ZSZ the dicyc.ohexy.urea t filtered off and 

oHrtHinnal 15h at room temperature. The mixture is recoo ' eu m^CO, and then with aqueous 2% KHS0 4 . 

a reT:rEtOAc.Thef Tfe ^ 
Afterdrying over N 82 S0 4 and concentration m vacuo, bo 
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foam. 

r. Roc-D-TMSal- Arinlv-boroPrcHOPin d (or the synth- 

The tide compound is obtained by using £ £^^2^^ ^ 
« is of Boc-D-TMSal-Rro-Baa-OPin in example 1/C. Due to ' «■ (ts fr0(n the reaction of the 

eSr f 3^ 8(2.7 g. 5.0 mMo.).the^ {1J g . 5.0 mMol) j*/ 

chiral a-chlorc-boronate ((+)-Pinaned.ol-(SH-chlo^* brom^o boreproline derivative. wh«h 

SlheTmethy^^ 

'Sthen with the active ester of ^^^^e^de product yields the «>e ^compound 
nnajor product Rash ^^^^ 

mp: 187.188^C, [alo^ = *2,8MC= 1.0 m CH^. 
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Claims 

1. A compound of formula ! 

Qi 

★ 7 
V-Y-N-CH-B 

I I X 
30 . R 4 Rs Q2 



(I) 



orQ, and Q.^^J^S^d^ are C^IKyl. Cm. araiKyl or phenyl 

R„ R 2 and R, which may be the sameo an(j k{jxy . 

substituted by up to three groups selected from C^alkyl. *a og 
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Ri is hydrogen or d-ioalky) 

R 5 is a group -A-X; wherein 
Ats-(CH2) z -inwhichzis2,3,4or5 t 
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?CH r CH r CH(CH,)-CH r ; (CH^^CHCCHa)-. -C^ ^ ™ c^alkylthio or -Si(CH 3 ), or 

the D- o7t ccnfi^on or represent any mucture of these. 

■ urrHCHOl- R.CO-. R7OCO- or ReSO r . wherein: 
A compound according to claim 1 in which W . H.(CH 2 CH 2 0) p . R, 



p= 3- 30 

D s Ci^alkyl . 

55 0 - c^alkyl. Phenyl, benzyl or naphthyl; and 

r^= phenyl, naphthyl or Calkylphenyl 
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